Background {#Sec1}
==========

Chronic rhinitis, pharyngitis and sinusitis are common health problems with a significant impact on public health in term of costs and quality of life \[[@CR1]\]. Upper airways inflammation is accompanied by a variety of symptoms that can be rather disabling, and ageing factors are suspected to influence both clinical presentation and management of these diseases \[[@CR2]\].

Patients are generally treated with antibiotics, steroids, and saline irrigation, but poor compliance when therapy must be pursued for long time has been reported, which in some cases may end up in corticophobia \[[@CR3], [@CR4]\]. Six Cochrane reviews have been recently conducted on these treatments for chronic rhinosinusitis, with a common criticism concerning the low quality of several clinical studies \[[@CR5]--[@CR10]\].

Thermal water inhalation therapy for the diseases of the upper respiratory tract has a longstanding tradition and may be used in addition to pharmacological treatment, with the aim of attenuating symptoms and reducing drug intake. This is a major issue particularly in older patients, which often use several drugs to treat chronic diseases or control complex conditions. The effectiveness of thermal treatment in upper airways diseases, of both allergic and non-allergic origin, has been the object of several studies \[[@CR11]\]. A bibliometric study conducted by our group showed recently that scientific interest in thermal hydrotherapy applied to nose diseases was quite high in the period between the 1950's and the 1970's, decreased dramatically in the subsequent decade to re-expand again thereafter, with a constant grow of scientific production in number and quality of publications (*personal results*).

A beneficial effect of the treatment in terms of nasal symptoms and functionality has been shown with thermal water of diverse origins. Improvements of several endpoints, including cytology, microbiology, IgE, and some inflammation biomarkers, have been reported in patients of all ages \[[@CR12]--[@CR18]\], but only recently these issues have been investigated specifically in aged patients (\> 65 years; \[[@CR12]\]). A meta-analysis summarized the results of 13 studies published between 1998 and 2013 on thermal water applications in the treatment of diseases of the upper respiratory tract \[[@CR11]\]. Meta-results showed statistically significant improvements in terms of mucociliary clearance time, IgE level, nasal resistance and nasal flow at different time points after treatment with thermal water. The mechanisms are not completely clear. Among the possible effectors, the gasotransmitter H~2~S has attracted scientific interest recently, as it is contained in several thermal waters and has anti-inflammatory, antibacterial and antifungal properties \[[@CR19]\]. The curative effect of thermal water nasal inhalation could depend on regulation of the expression of different components of the innate immunity system in cells of the nasal epithelia, which can vary with age \[[@CR2]\].

Innate immunity is part of the orchestrated homeostatic response to a damaging stimulus. This implies the ability to recognize external noxious agents or molecules (alarmins) released by necrotic cells \[[@CR20]\] and to express specific genes in order to repair damaged cells and tissues. Therefore, the families of proteins involved in this process include (a) cell-surface alarmin receptors, such as toll-like receptors \[[@CR21]\], the receptor for advanced glycation end products (RAGE) \[[@CR22]\] or the purine receptor P2X7R \[[@CR23]\], (b) cytokine receptors such as CXCR4, involved mainly in recruiting stem cells into injured organs \[[@CR24]\] (c) inducible enzymes, such as cyclooxygenase 2 (COX2), nitric oxide synthase-2(NOS2), 5-lipoxygenase and NAD(P)H-oxidase, (d) growth factors such as epidermal growth factor and fibroblast growth factor along with their receptors, and (e) acute-phase proteins, such as pentraxins (PTX) \[[@CR25]\]. Estrogens and their receptors also have well documented immuno-regulatory properties in target tissues and they play an important role in the reparative phase of innate immunity \[[@CR26]\]. An age-related reduction in cytokine expression and release, phagocytosis, chemotaxis in the cellular components of the innate immunity has been documented in elderly humans and has been associated with a altered response to pathogens \[[@CR27]\].

Among the innate immunity receptors, CXCR4 in particular is the receptor of the cytokine SDF-1 (stromal derived factor 1), physiologically involved in concentrating stem cells into injured organs \[[@CR24]\]. Once activated, CXCR4 transduces the molecular signal by activating multiple pathways to control cell migration, proliferation, survival, differentiation \[[@CR24]\]. In fact, SDF-1/CXCR4 activation stimulates repair after myocardial infarction \[[@CR28]\] as well as wound healing \[[@CR29]\].

Aim of the study {#Sec2}
----------------

We conducted a *pre-post* clinical study to evaluate with a comprehensive approach whether a standard cycle of nasal inhalations with thermal water was able to influence the level of inflammatory biomarkers, ameliorate short-term symptoms, rhinomanometry measurements, and clinical objective evaluation in adult and elderly patients with chronic rhinitis, pharyngitis or sinusitis. The confounding effect of cigarette smoking, age, occupational exposures and diet was taken into account.

Secondary aims of the study were to evaluate the compliance to the treatment, the occurrence of side-effects, and the persistence of beneficial effects of thermal water nasal inhalations on patients' symptoms 1 year later. In addition, the potential interaction of the patients' clinical, demographic, socio-economic and lifestyle profile with the effect of the treatment was investigated.

Methods {#Sec3}
=======

Patients recruitment {#Sec4}
--------------------

The study population included adult and elderly consecutive patients with chronic rhinitis, pharyngitis or sinusitis (International Classification of Disease - tenth revision (ICD10): J30 vasomotor and allergic rhinitis, J31 chronic rhinitis, nasopharyngitis and pharyngitis, J32 chronic sinusitis) admitted at Terme di Genova spa (Genoa, Italy) for nasal inhalations with thermal water, male and female.

Approval has been obtained by the competent Ethics Committees of IRCCS San Raffaele Pisana, Rome, and of the Liguria Region.

"Nasal inhalations with thermal water" or "inhalation treatment" mean a cycle of combined warm vapor inhalation and aerosol by nasal adapter for 12 days in 2 weeks with "Cappelletta" source water. The mineral water of this source, which is located in Acquasanta (Genoa, Italy), has an appreciable hydrogen sulfide degree and is a salty earthy alkaline water, due to a prevalence of sodium, calcium and chloride ions, with a pH higher than 11 on average. This water has been used for the treatment of respiratory diseases since ancient times.

Exclusion criteria were systemic or topic treatment within the last 2 week with mucolytics, corticosteroids, anticongestants, antihistamine or NSAIDs, severe chronic diseases, acute disease or surgery in the last month, previous thermal treatment less than 12 months before.

Conditions which determined exclusion from the study were interruption of the treatment before completion, receiving less than 10 sessions, treatment lengthening for more than 4 days, and a new diagnosis of acute or chronic severe disease, hospital admission or surgery during the study period.

All eligible patients admitted to the spa received detailed information about the study by the physician in charge of the treatment, and thereafter were asked to sign an informed consent. All patients who accepted to participate to the study and signed the consent were requested to donate biological samples and were administered a questionnaire.

As is shown in Fig. [1](#Fig1){ref-type="fig"}, 233 eligible patients meeting the inclusion/exclusion criteria were asked to participate to the project and 183 (78.5%) entered in the study (T0), while 50 refused, mainly due to time constraints.Fig. 1Patients recruitment and follow-up flowchart. The flow of subjects through each stage of the clinical trial is shown with their analyses, from screening through completion of the study protocol

Among the patients enrolled, 18 (10%) discontinued the treatment and were considered as dropouts. In sensitivity analysis, they did not show any statistically significant difference from the others neither in terms of diseases of interest nor smoking habits (Pearson χ^2^ test), nor as regards total symptom score (TSS) and clinical evaluation score (CES) at enrolment. On the other hand, they were significantly younger on average (49.4 ± 15.3 vs. 61.8 ± 15.3, *p* = 0.001).

Fifteen patients, out of the 165 who completed the treatment and underwent the final evaluations (T1) did not fully respect the protocol, e.g. extension of the end-of-treatment date was longer than 4 days (generally due to personal reasons or to the difficulty to reach the spa, which was located in the countryside). Finally this small group was kept in the analysis, because in sensitivity analysis treatment efficacy was not statistically different when comparing these subjects to the whole study group in terms of TSS, CES and *CXCR4* expression, although they were significantly younger (Kruskal-Wallis test).

The first 79 patients enrolled were called on the phone 12 months after the end of the treatment (T2), to administer a questionnaire on their upper respiratory symptoms. Only 74 replied while 5 of them could not be reached (6.3% lost to follow up).

Data and sample collection {#Sec5}
--------------------------

A trained physician visited each patient at admission (T0), filling a custom structured questionnaire to collect socio-demographic information and data on job (including exposure to inhalable noxious substances), lifestyle (including smoking habit, exposure to second-hand smoke and diet), clinical history (general and ORL, both remote and specifically referring to the last year), symptom score and clinical evaluation score. The symptom questionnaire was a simplified version of that used in the Naiade survey \[[@CR30]\], and was based on 10 items, including cough, nasal obstruction, and nasal discharge with 4 degrees of intensity (0 to 3). TSS were calculated for each subject by summing all the scores assigned to each symptom in the scale. CES were calculated assigning a score 0 to patients without pathologic signs and a score 1 to patients with any pathologic features referring to nasal/pharyngeal mucosa or secretion (e.g.: normal, red, pale or hypertrophic nasal mucosa in left and right nostril; maximum possible CES: 6).

During clinical evaluation, a sample of nasal epithelial cells was collected with a rhinoprobe from the two nostrils for inflammatory biomarkers measurement. An active anterior rhinomanometry was performed in order to measure nasal resistance in a subgroup of patients.

After 2 weeks, at the end of the inhalation therapy (T1), nasal specimen and data on symptoms, clinical evaluation, and rhinomanometry were collected again. The patient was asked about side-effects.

One year after the end of the study (T2), the first 50% of patients enrolled were searched by phone and interviewed using the structured questionnaire for symptom scale, and they were requested to report on any major changes in domicile, job, smoking habit and diet.

Specimen tubes and questionnaires were labeled with unique numerical codes, representing the identity codes for each subject, ensuring blindness of the study and respect of privacy.

A customized database was developed to store patients and specimen information. Access to personal data was restricted.

The samples were stored at − 30 °C no longer than 2 weeks, then transferred at − 80 °C and periodically shipped in dry ice to the laboratory in Rome for analysis.

Additionally, we have included in the study 10 healthy subjects, to ensure a proper comparison of inflammatory biomarker levels with the patients affected by upper respiratory tract diseases. These subjects were enrolled in the Department of Sense Organs of the Sapienza University of Rome and did not suffer from allergic rhinitis, chronic rhinitis, sinusitis, nasopharyngitis and pharyngitis nor were under anti-inflammatory therapies. They were 7 men and 3 women with a mean age of 50 ± 6 years, non-smokers and without any major inflammatory event in the 3 months preceding sampling of nasal epithelial cells.

Real-Time Quantitative Polymerase Chain Reaction (RT-PCR) {#Sec6}
---------------------------------------------------------

Samples of nasal epithelial cells were lysed to extract total RNA with the Ambion Paris system (Life technologies). After isolation, approximately 1 μg of RNA was reverse transcribed using the High-Capacity cDNA Archive Kit (Applied Biosystems, Milan, Italy) following manufacturer's instructions. Aliquots of cDNA were subjected to real time PCR in 50 μl of 1 x Universal PCR Master Mix, 0.5 μM TaqMan probe and 5 ng of cDNA. Primers and probes for HIF-1α, NF-kB, P2X7R, RAGE, NOS2, COX2, PTX3, CXCR4, VEGF, etc. (see Additional file [1](#MOESM1){ref-type="media"}: Table S1) were designed using Assays on-Demand facility (Applied Biosystems). Each sample was loaded in duplicate, and negative and positive controls were included. Amplification of 18S rRNA was used as internal reference gene. PCR amplifications were performed using an ABI PRISM 7900 sequence detector (Applied Biosystems). Amplification data were analyzed using the Sequence Detector version 1.7 software (Applied Biosystems). Statistical analysis of real-time PCR results were done using mean normalized cycle threshold (ΔC~t~) values and the pooled standard deviation of the mean ΔC~t~.

Western blot assay {#Sec7}
------------------

Samples were lysed to extract total proteins with the Ambion Paris system (Life technologies). Lysates were clarified by centrifugation (10 min at 4 °C) and the supernatant collected. Protein concentration was determined by the Bradford assay (Bio-Rad). Equivalent amounts of protein were electrophoresed on SDS-polyacrylamide gels. The gels were then electroblotted onto PVDF membranes. After blocking with 5% milk, membranes were incubated with the primary antibody overnight. Finally, the relevant protein was visualized by staining with the appropriate secondary horseradish peroxidase-labeled antibody for 1 h followed by enhanced chemiluminescence.

The following primary antibodies were used: mouse anti-CXCR4, rabbit anti P2X7R, goat anti-AGER, rabbit anti-SOCS1 (Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti-PTX3 (Alexis Biochemical, San Diego, U.S.A.) and mouse anti-ACTB (Sigma-Aldrich, St Louis, MO). The following secondary antibodies were used: mouse anti-rabbit HRP, goat anti-mouse HRP (Amersham Biosciences, Piscataway, NJ), donkey anti-goat HRP (Santa Cruz).

Statistical analysis {#Sec8}
--------------------

The primary endpoint of the study was the assessment of the safety and efficacy of thermal water nasal inhalations administered to the patients diagnosed with chronic rhinitis, pharyngitis or sinusitis. Measures of effect included changes of symptoms and clinical conditions, rhinomanometry measurements, and inflammatory biomarkers levels from T0 to T1 (primary outcome) and T2 (only for symptoms; secondary outcome). The intent-to-treat (ITT) set included all subjects who were enrolled in the trial. The per protocol (PP) population was the subset of the ITT set that included subjects who completed the study with no major protocol violations.

Descriptive analyses were performed to report on the distribution of clinical and epidemiological variables among the patients, while the variation of the frequency of study endpoints within study intervals was evaluated with the paired samples *t*-tests (a "repeated measures" *t*-test). Whenever the distribution of parameters did not allow the use of parametric statistics, non parametric tests such as Mann-Whitney U Test or Wilcoxon signed rank sum test were used instead. In some cases log-transformation was applied. Statistical significance was set at *p* \< 0.05 and appropriately adjusted by Bonferroni correction for multiple comparisons when required. Statistical analyses have been conducted using STATA/SE version 12·1 statistical software and MedCalc for Windows, version 15.0 (MedCalc Software, Ostend, Belgium).

Results {#Sec9}
=======

Patients profile {#Sec10}
----------------

Table [1](#Tab1){ref-type="table"} describes the profile of the 183 enrolled patients: mean age was 61 years, median 65 (range 20--86), and 61% were women. The proportion of subjects aged \< 65 years was 47%, while 53% were 65 years or older.Table 1Sociodemographic, clinical and lifestyle characteristics of the study subjectsCharacteristicsN (%)Total183 (100%)Gender *Men*72 (39.3%) *Women*111 (60.7%)Age *(years)* *mean ± SD (range)*60.6 ± 15.2 (20--86) *1° quartile -- median -- 3° quartile*51--65-71 *≤ 65.*86 (47.0%) *\> 65*96 (52.5%)Education *Elementary school*17 (9.3%) *Middle school*58 (31.9%) *High school*80 (44.0%) *University*27 (14.8%)Job or condition (ISCO-08 codes \[[@CR42]\]) *Retired*93 (50.8%) *Housewive*22 (12.0%) *Clerical Support Workers (code 4)*15 (8.2%) *Services and Sales Workers (code 5)*15 (8.2%) *Professionals (code 2)*14 (7.7%)  *Craft and Related Trades Workers (code 7)*8 (4.4%) *Others*^*a*^15 (8.2%)Pathology^b^ *J30-J31.0 rhinitis*46 (25.1%) *J31.1-J31.2 faryngitis*53 (29.0%) *J32 sinusitis*93 (50.8%) *Two pathologies*10 (5.5%)Allergy *No*130 (71.0%) *Respiratory*30 (16.4%) *Other allergic condition*23 (12.6%)Current contact with inhalable substances (work or leisure)^c^ *Never*154 (84.2%) *Sporadic/low*23 (12.6%) *Frequent/heavy*5 (2.7%)Smoking habit *Never smokers*87 (47.5%) *Former smokers (1 year or more)*70 (38.2%) *Current smokers*25 (13.7%)  *Cigarette pack/years mean ± SD (range)*19.4 ± 20.3 (0.3--102)Second-hand tobacco smoke (at home, at work)13 (7.1%)Body Mass Index kg/m^2^ *mean ± SD (range)*25.3 ± 3.7 (17.6--40.4) *Underweight (\< 18.5)*5 (2.8%) *Normal weight \[18.5;25)*90 (50.0%) *Overweight \[25;30)*68 (37.8%)  *Obese (≥30)*18 (10.0%)Vitamin/antioxidants supplementation *Yes*42 (23.0%)Fruits+Vegetables consumption *≤ 2 portions/day*25 (13.7%) *3--5 portions/day*80 (44.0%) *≥ 6 portions/day*77 (42.3%)Figures may not add up due to missing data*SD* standard deviation^a^Technicians and Associate Professionals (code 3), Elementary Occupations (code. 9), Managers (code 1), Armed Forces Occupations (cod. 0), students and unemployed^b^Figures do not add up because 10 patients declared two pathologies simultaneously^c^Solvents and paints, motor-vehicle emissions, cement/plaster/asbestos/silica dust, other dusts, welding fumes, cleaning products

Nine percent had a low education level, while 15% had a university degree. Half of the patients were retired and 12% housewives, while more than one third held an employment.

As regards the pathologies of interest, half of the patients suffered from sinusitis (ICD10 code: J32), 29% from (naso) pharyngitis (J31.1-J31.2), a quarter had chronic, vasomotor or allergic rhinitis (J30, J31.0), with 10 subjects declaring two pathologies at once. The proportions of each disease differed according to age: among the most aged (≥65 years), sinusitis ranked first, followed by rhinitis and pharingitis (42, 35 and 28% respectively), while the youngest were affected mostly by sinusitis (60%), then pharingitis (30%) and rhinitis (14%). The percentages of subjects with two diseases at once were similar (5--6%).

Seventy-one percent of the subjects declared no allergy and 16% a respiratory allergic condition.

Current substantial contact with potentially noxious inhalable substances during work or leisure was reported by a minority of patients (*n* = 5), and for 13% this exposure was considered sporadic or low. Fifty percent of patients never smoked cigarettes, while 14% were current smokers. A low percentage of the subjects declared to be exposed to second-hand smoke at work or at home (7%).

Half of the patients had normal weight, while 38% were overweight and 10% obese. The proportion of subjects eating two portions or less of fruit and vegetables per day was limited to 14%, with 44% of the sample in the intermediate category and 42% declaring to consume at least 6 portions per day. One subject out of four consumed vitamin or antioxidant dietary supplements.

Total symptom score and clinical evaluation score {#Sec11}
-------------------------------------------------

Symptoms reported by the patients in T0, T1 and T2 are illustrated in Fig. [2](#Fig2){ref-type="fig"}. The percentage of patients who declared to suffer with nasal obstruction, nasal discharge, scratchy sore throat, etc. was slightly diminished after treatment among the subjects with low intensity symptoms (panel A) and strongly decreased among those who had symptoms with an intermediate to strong intensity (panel B). The average TSS was 5.7 ± 3.3 at admission, and was reduced by more than 50% after the inhalation treatment (2.7 ± 2.3, statistically significant difference), as is shown in Table [2A](#Tab2){ref-type="table"}. No major changes were found after stratification for age, for pathology or for smoking habit (not shown). Symptoms remained at substantially low levels at T2, that is at the phone follow up 1 year after treatment (mean TSS 2.3 ± 2.6).Fig. 2Symptom scores of patients with chronic rhinitis, pharyngitis and sinusitis. **a** Low symptom intensity (score 1). **b** Intermediate to heavy symptom intensity (score 2 and 3)**.** Symptom scores at baseline (T0, dark grey column; *n* = 183), after nasal inhalations with thermal water (T1, light grey column; *n* = 165) and 1 year later (T2, white column; *n* = 74)Table 2Total symptom score and clinical evaluation score (panel A), and rhinomanometry measurements (panel B) of patients with chronic rhinitis, pharyngitis or sinusitis at admission (T0), after nasal inhalations with thermal water (T1) and at phone follow up 1 year later (T2)A) Total symptom scores in T0 - T1 - T2, and clinical examination scores in T0 -- T1T0 Mean ± SD\
(range)\
*N* = 183T1 Mean ± SD\
(range)\
*N* = 165T2 Mean ± SD (range)\
*N* = 74*P* - value^a^\
(T0 vs. T1)*P* - value^a^\
(T0 vs. T2)Total symptom score (TSS)5.7 ± 3.3\
(0--18)2.7 ± 2.3\
(0--12)2.3 ± 2.6\
(0--12)\< 0.00001\< 0.00001Clinical examination score (CES)1.4 ± 1.2\
(0--5)0.6 ± 0.7\
(0--4)n.a.\< 0.0001n.a.B) Rhinomanometry measurements in T0 - T1Inhalation resistance (Pa/ml s)Exhalation resistance (Pa/ml s)NT0\
Mean ± SDT1\
Mean ± SD*P* - value^b^NT0\
Mean ± SDT1\
Mean ± SD*P* - value^b^All patients1050.40 ± 0.350.51 ± 0.61NS1030.40 ± 0.350.53 ± 0.60=0.01Pathology^c^ *J30-J31.0 Rhinitis*280.40 ± 0.380.63 ± 1.00NS280.40 ± 0.320.67 ± 0.96NS *J31.1-J31.2 Pharyngitis*240.43 ± 0.430.44 ± 0.37NS240.46 ± 0.410.45 ± 0.26NS *J32 Sinusitis*570.38 ± 0.280.49 ± 0.44NS550.36 ± 0.310.49 ± 0.43=0.009Cigarette smoke *Never smokers*470.39 ± 0.320.44 ± 0.38NS490.39 ± 0.340.46 ± 0.38NS *Former smokers*460.39 ± 0.340.53 ± 0.11NS410.37 ± 0.330.60 ± 0.74NS *Currentsmokers*120.52 ± 0.450.69 ± 0.84NS130.48 ± 0.400.62 ± 0.81NS*n.a*. not assessed, *SD* standard deviation, *NS* not statistically significant (*p* \> 0.05), *SD* standard deviation^a^Wilcoxon signed rank sum test^b^Wilcoxon signed rank sum test T0 vs. T1^c^Figures do not add up because 10 patients declared two pathologies simultaneously

At admission, the patients underwent an objective clinical examination: about one quarter of the subjects had deviated septum, 4 out of 10 had pathologic signs in their nasal or pharyngeal mucosa (41 and 38% respectively), 9% had nasal hypersecretion and one patient had pharyngeal hypersecretion. The percentage of patients with any pathological signs in the nasal or pharyngeal mucosa decreased to less than 50% in T1 as compared to T0, while similar but less pronounced patterns were shown for nasal or pharyngeal secretion, which were basically observed only in a minority of the subjects. More in detail, after treatment 17% of the patients had pathologic signs in their nasal mucosa and 14% in their pharyngeal mucosa, while nasal or pharyngeal hypersecretion was found in 4 and 11% of the patients, respectively. Globally, mean CES was 1.4 ± 1.2 at admission and 0.6 ± 0.7 after treatment (statistically significant difference). Results were unchanged when stratifying for age or pathology, while never smokers had lower values with respect to current or former smokers (not shown).

Rhinomanometry {#Sec12}
--------------

Table [2B](#Tab2){ref-type="table"} shows the main results of active anterior rhinomanometry. Total nasal resistance was globally higher after inhalation treatment (statistically significant in the case of exhalation resistance). The differences between T0 and T1 inhalation and exhalation resistances were correlated (Spearman, rho = 0.74, *p* \< 0.0001). After stratification by pathology, a statistically significant variation was shown only for exhalation resistance among patients with sinusitis, while the values in T0 and T1 were almost identical among subjects affected with pharyngitis.

No statistically significant difference between measurements in T0 and in T1 remained after stratification of the sample by smoking habit, however never smokers had the lowest values, and current smokers the highest. In addition, increases in T1 tended to be more pronounced among men than women, among elderly patients compared to other adults, and for strong consumers of vegetables and fruits with respect to low or medium consumers (data not shown).

Gene and protein expression {#Sec13}
---------------------------

A panel of 48 genes implicated in the innate immunity system and inflammation were analyzed in nasal epithelial cells with High Throughput real-time PCR with a dedicated mini-wells card. This analysis was preliminarily conducted in 40 patients randomly selected among those who reached T1, to identify the candidate gene (s) to be considered for further analyses, among those whose expression was most altered after the inhalation treatment.

Results are shown in Table [3](#Tab3){ref-type="table"}. Mean gene expression of *CXCR4* was 3-fold increased at T1 respect to T0 and expression of *FLT1* was reduced by one quarter (both highly statistically significant, even after Bonferroni correction), while no other gene showed notable alterations.Table. 3Expression of inflammatory-reparative genes in patients undergoing thermal water nasal inhalationAll patients (*n* = 40)^a^J30-J31.0 Rhinitis (*n* = 10)J31.1-J31.2 Pharyngitis (*n* = 7)J32 Sinusitis (*n* = 24)GenesT0T1T0T1T0T1T0T1Mean ± SDMean ± SD*P* - value^b^Mean ± SDMean ± SD*P* - value^b^Mean ± SDMean ± SD*P* - value^b^Mean ± SDMean ± SD*P* - value^b^AGER2.2 ± 2.01.9 ± 1.7NS2.3 ± 2.42.2 ± 2.6NS1.5 ± 1.31.5 ± 1.0NS2.3 ± 2.01.9 ± 1.5NSCXCR21.5 ± 1.31.6 ± 1.2NS1.2 ± 1.11.5 ± 1.2NS1.0 ± 1.01.1 ± 0.8NS1.7 ± 1.41.9 ± 1.3NSCXCR41.4 ± 0.84.4 ± 0.7\< 0.0001^c^1.4 ± 0.54.9 ± 0.9\< 0.0001^c^1.4 ± 0.54.8 ± 0.5\< 0.0001^c^1.4 ± 0.94.1 ± 0.6\< 0.0001^c^FLT11.9 ± 1.41.4 ± 0.90.0051.9 ± 0.81.7 ± 1.0NS1.0 ± 1.00.7 ± 0.6NS2.2 ± 1.51.5 ± 0.90.004FUT71.1 ± 1.01.3 ± 1.6NS1.6 ± 1.42.1 ± 1.7NS1.1 ± 0.71.6 ± 2.6NS1.0 ± 0.91.0 ± 1.1NSHIF1A3.3 ± 3.33.8 ± 2.9NS2.2 ± 2.02.5 ± 1.9NS5.3 ± 4.44.6 ± 3.5NS3.1 ± 3.13.2 ± 2.8NSHMGB12.3 ± 3.32.0 ± 1.9NS1.7 ± 1.41.6 ± 1.7NS1.0 ± 0.91.0 ± 0.7NS2.8 ± 4.12.5 ± 2.1NSICAM12.9 ± 2.63.1 ± 3.2NS2.1 ± 2.02.3 ± 1.9NS2.5 ± 2.62.7 ± 2.7NS3.3 ± 2.83.6 ± 3.7NSNFKB14.4 ± 3.44.6 ± 3.0NS3.5 ± 2.83.4 ± 2.9NS6.5 ± 3.85.2 ± 2.4NS4.1 ± 3.44.9 ± 3.10.04P2RX73.7 ± 3.43.4 ± 3.3NS2.9 ± 2.92.7 ± 2.7NS4.0 ± 3.83.2 ± 4.3NS3.9 ± 3.53.7 ± 3.2NSPTX33.6 ± 4.44.1 ± 4.7NS4.3 ± 4.14.5 ± 4.1NS2.8 ± 3.32.7 ± 2.6NS3.6 ± 4.84.3 ± 5.3NSRELA2.7 ± 2.52.7 ± 2.0NS4.7 ± 3.34.2 ± 2.3NS1.3 ± 1.21.3 ± 1.4NS2.4 ± 2.12.6 ± 1.7NSSELP2.5 ± 2.42.7 ± 2.0NS2.8 ± 2.13.2 ± 2.2NS1.9 ± 1.12.0 ± 1.6NS2.5 ± 2.82.6 ± 2.1NSSOCS13.0 ± 2.62.7 ± 2.2NS3.1 ± 2.42.6 ± 1.9NS4.7 ± 3.24.0 ± 2.6NS2.5 ± 2.32.3 ± 2.1NSSOD21.7 ± 1.72.4 ± 3.2NS1.1 ± 0.91.1 ± 0.8NS1.1 ± 1.02.5 ± 2.10.0072.1 ± 2.02.9 ± 3.8NSTLR22.5 ± 2.63.1 ± 3.9NS2.4 ± 3.52.0 ± 3.2NS2.7 ± 2.63.1 ± 3.2NS2.4 ± 2.33.5 ± 4.3NSTLR32.4 ± 2.62.4 ± 2.6NS2.0 ± 1.72.7 ± 2.0NS2.9 ± 4.02.9 ± 3.9NS2.5 ± 2.42.1 ± 2.3NSTLR42.2 ± 1.92.6 ± 3.2NS2.5 ± 1.41.6 ± 1.10.022.8 ± 3.12.7 ± 2.6NS1.9 ± 1.53.0 ± 3.8NSVEGFA1.5 ± 1.22.1 ± 2.7NS1.9 ± 1.62.0 ± 1.7NS1.7 ± 0.92.3 ± 1.3NS1.3 ± 1.12.0 ± 3.2NSNumbers indicate fold induction of gene expression relative to the reference genes, such as 18S and GAPDH*NS* not statistically significant (*p* \> 0.05), *SD* standard deviation^a^Figures do not add up because one patient declared two pathologies simultaneously^b^Mann-Whitney U Test *p*-value^c^Difference statistically significant after Bonferroni adjustment for multiple comparisons (76 tests, cut-off is ≈ 0.0007)

After stratifying for pathology, we found that *CXCR4* expression was consistently changed in patients suffering from all three diseases of interest, while *FLT1* demonstrated a statistically significant post-treatment reduction only in those affected by sinusitis. Other genes showed weaker changes, although in some cases the change reached statistical significance, namely *SOD2* average expression was more than double after treatment among patients with pharyngitis (*p* = 0.007), *TLR4* was one third lower in subjects affected with rhinitis (*p* = 0.02), and *NFKB1* was 20% higher in the subgroup with sinusitis (*p* = 0.04).

When stratifying by smoking habit (data not shown), the increase of *CXCR4* mean expression in T1 was confirmed in all subgroups, while *FLT1* was significantly altered only among non-smokers. The small subgroup of current smokers (*n* = 4) showed a somehow peculiar profile, with highly significant changes in the expression of *ICAM1* and *NFKB1* (*p* \< 0.0001 and *p* = 0.002 respectively) and some other minor variations.

Finally, we decided to focus on *CXCR4* in further analyses, considering the notable difference in absolute figures between mean expression in T0 and in T1, the high statistical significance and the consistency in subgroups, while the other genes were discarded, also taking account of the multiple comparison issue.

CXCR4 protein was visualized by Western blot of the cell lysate with the appropriate antibodies in the same 40 patients plus 10 reference subjects (Fig. [3](#Fig3){ref-type="fig"} and Table [4](#Tab4){ref-type="table"}). The mean value of the patients' CXCR4 expression at baseline was similar to that of the controls and was 2.5-fold increased after inhalation treatment, confirming the results obtained with High Throughput real-time PCR, although no statistical correlation was demonstrated between the two endpoints. The same results were found in the three pathologies of interest or among never smokers and former smokers even after stratifications. On the other hand, the mean value of CXCR4 expression at baseline resulted to be higher in the small subgroup of current smokers than in the non-smokers (*p* = 0.05), and the increase after treatment was smaller and non significant.Fig. 3Expression of inflammatory-reparative proteins in patients with chronic rhinitis, pharyngitis or sinusitis undergoing thermal water nasal inhalation and controls. Nasal epithelial cells from healthy subjects and from patients at time T0 and T1 were obtained and lysed as described under [Methods](#Sec3){ref-type="sec"}. Proteins were separated by electrophoresis and expression of CXCR4 was measured by western blot in control subjects (upper panel) and in patients (lower panel). Each patient had two codes, one for time T0 (odd columns, e.g. 61 for the first patient, 112 for the second etc.) and one for T1 (even columns; e.g. 251for the first patient, 325 for the second etc.). β-actin was used as loading control and for densitometric analysisTable 4CXCR4 protein and gene expression in patients undergoing thermal water nasal inhalationCXCR4 protein expressionCXCR4 gene expressionNT0\
Mean ± SDT1\
Mean ± SD*P* - value^a^NT0\
Mean ± SDT1\
Mean ± SD*P* - value^a^Controls100.97 ± 0.51NS^b^100.66 ± 0.44--= 0.025^b^All patients401.0 ± 0.392.6 ± 0.66\< 0.0001^d^1431.2 ± 0.683.3 ± 1.2\< 0.0001^d^Pathology^c^ *J30-J31.0 Rhinitis*101.2 ± 0.372.4 ± 0.66\< 0.0001^d^341.1 ± 0.63.5 ± 1.2\< 0.0001^d^ *J31.1-J31.2 Pharyngitis*71.2 ± 0.452.7 ± 0.6= 0.0001^d^371.2 ± 0.593.1 ± 1.3= 0.0001^d^ *J32 Sinusitis*240.96 ± 0.372.6 ± 0.69\< 0.0001^d^771.1 ± 0.773.3 ± 1.1\< 0.0001^d^Cigarette smoke *Never smokers*230.99 ± 0.392.6 ± 0.66\< 0.0001^d^681.2 ± 0.663.5 ± 1.2\< 0.0001^d^ *Former smokers*131.0 ± 0.362.6 ± 0.50\< 0.0001^d^561.1 ± 0.573.3 ± 1.2\< 0.0001^d^ *Current smokers*41.4 ± 0.382.4 ± 1.2NS191.1 ± 0.982.7 ± 0.93\< 0.0001^d^*NS* not statistically significant (*p* \> 0.05), *SD* standard deviation^a^Fisher's exact Test for difference T0 vs. T1^b^Difference controls vs. T0^c^Figures do not add up because some patients declared two pathologies simultaneously^d^Difference statistically significant after Bonferroni adjustment for multiple comparisons (cut-off is ≈ 0.005)

Results were substantially unchanged when comparing aged subjects (≥ 65 years) or the eldest quartile (≥ 71 years) to the others. No major changes were shown after stratifying for gender, allergy, exposure to second-hand smoke, exposure to noxious inhalable substances or fruit and vegetables consumption.

Finally, expression levels of the gene *CXCR4* were measured through RT-PCR in all the available samples (143 patients and 10 controls; Table [4](#Tab4){ref-type="table"}). The results obtained with the first 40 patients were substantially confirmed in this larger group, with a 2.75-fold increase of the mean values in T1 respect to T0, a highly statistically significant increase. In addition, *CXCR4* gene expression at baseline was significantly augmented in patients compared to controls.

The considerable increase after treatment was substantially maintained after stratifying for the three groups of pathologies or according to smoking habit. The increase was smaller in the subgroup of current smokers than in non-smokers (*CXCR4* gene expression level in T1: 2.7 ± 0.93 vs. 3.4 ± 1.2, *p* = 0.02).

Results were substantially unchanged after stratifying for age, gender, allergy, exposure tosecond-hand smoke and exposure to noxious inhalable substances.

Associated events {#Sec14}
-----------------

Among the 163 patients who completed the inhalation treatment, 7 (3.8%) suffered from the so-called "thermal crisis" (a temporary exacerbation of their symptoms lasting 1--2 days, which is considered a systemic reaction to the treatment and has no pathologic meaning \[[@CR31]\]), and 13 (7.1%) reported other negative events (e.g. headache, fatigue).

Discussion {#Sec15}
==========

This is the largest study ever conducted on the efficacy and safety of thermal water nasal inhalation treatment for upper respiratory tract diseases in adult and elderly patients. The efficacy of the treatment was first demonstrated in terms of total symptom and clinical evaluation scores, while rhinomanometry gave more puzzling results. The possible mechanisms were then investigated at the molecular level, finding consistent increases in the expression of *CXCR4*, both as mRNA or as protein.

In addition to its large sample size, among the *pro* of the study is the inclusion of a substantial proportion of aged subjects (more than half of the sample), as it has been hypothesized that elderly patients affected by chronic diseases of the upper airways could represent a distinct population from adult patients, showing altered physiopathology and requiring different therapeutic approaches \[[@CR2]\].

Other strengths are the evaluation of biomarkers of inflammation directly in nasal epithelial cells, the use of an epidemiologic questionnaire, which allowed to take into account the socio-economic profile and the lifestyle of patients (including smoking) who chose such a treatment, and the evaluation of different subsets of pathologies (rhinitis, pharyngitis, sinusitis), which may act as effect modifiers.

Patients who chose inhalation treatment showed a good compliance, as 90% completed their cycle of inhalations, despite the fact that it took time to reach the spa, which was located out of the town. Associated events or adverse effects were rare and not severe, in agreement with findings of a recently published meta-analysis \[[@CR11]\]. Nearly 50% of the patients were retired and another 12% were housewife. Based on sensitivity analyses, it appeared that older subjects found it easier to comply with the protocol, because young age was the main obvious difference between dropouts or patients that could not strictly follow the protocol, and the others. We may speculate that time constraints linked to rigid work schedules most likely selected patients who chose the inhalation treatment. In addition, older patients may be more interested in non-pharmacological treatments, because they often take several drugs to control complex conditions.

A common limitation of studies on treatments with thermal water is the difficulty to extrapolate study results to the general population because of the strong selection of the subjects undergoing thermal treatments. To quantify this discrepancy, we compared basic statistics of our study group with the results of the population survey *Passi*, conducted in the period 2012--2015 in the same region where Terme di Genova spa is located \[[@CR32], [@CR33]\] The education level was similar, but several other endpoints confirmed as the population receiving inhalation treatment was extremely concerned about wellbeing. Our patients had a 50% lower prevalence of current smokers than the general population, ate much more fruit and vegetables (42% declared to eat 6 or more servings of fruit and vegetables every day vs 16% eating at least 5), and took dietary supplements such as vitamins or antioxidants in a considerable proportion (25% of patients).

Nasal inhalations with thermal water were perceived as an effective treatment by both the patients and the physicians. This feeling was supported by clinical results, which showed a general reduction of symptoms after treatment, much stronger for the more severe. Both total symptom and clinical evaluation scores dropped by more than 50% after treatment, with a statistically significant difference between T0 and T1. These results are in keeping with those of other published studies \[[@CR14], [@CR17], [@CR34]--[@CR36]\] confirming the beneficial effect of thermal water nasal inhalations. The present study was not designed to disentangle the therapeutic benefit from the placebo effect and therefore all clinical results should be interpreted with caution. Although clinical assessment was extremely careful, making more reliable and robust the assessment of the beneficial effects of treatment, we cannot exclude that our results were due to random chance, a placebo effect or the regression towards the mean.

Another strength of this study is the use of objective tools to assess clinical and biological endpoints. Among them we measured in all patients rhinomanometry, which is a standard diagnostic tool designed to objectively evaluate the nose respiratory function. Results from this exam were mixed, since resistance levels were higher after treatment than before. This trend was more evident among the patients with sinusitis. These results were in slight contrast with those of a meta-analysis including 6 studies with 347 patients (mostly affected by sinusitis \[[@CR11]\]). Keller and coworkers found no statistically significant difference between nasal resistance at baseline and after 2 weeks of inhalations, aerosol or irrigations with thermal water from different sources. However, this parameter was diminished significantly after 30 days and remained at low levels at 90 days, in the subset of subjects who underwent rhinomanometric measurements at those time points. Patients treated with isotonic sodium chloride solution for reference had more than double nasal resistance levels after a 14 day treatment in comparison to baseline level (*p* \< 0.01), falling at low levels after 30--90 days. The initial lack of effect followed by a significant improvement after 30 days shows as the kinetic of respiratory response to thermal water inhalation may vary, depending upon dose, chemical composition of the water and length of the follow up.

Among the most innovative contributions of the present study to the evidence concerning thermal water nasal inhalations is the effort to investigate the effect of treatment from a molecular point of view.

Few studies have shown a reduction of inflammatory cytokines such as TNF-α in nasal mucus samples and of serum IgE in patients with chronic rhinosinusitis, after treatment with thermal water \[[@CR14], [@CR36]\]. More recently, thermal water inhalation has been shown to modulate Th1 and Th2 cytokine expression and to increase IL-21 and IL-17 levels in blood samples of elderly and young patients with chronic upper respiratory tract infections \[[@CR12]\]. In contrast with previous studies, the present research measured the expression of pro-inflammatory reparative molecules before and after thermal water inhalation directly in nasal cells, which may be subject to age-dependent variations in terms of epithelial proliferation, repair, and defenses \[[@CR2]\].

Moreover, we measured both gene and protein expression, and validated our results in a large cohort of patients. In particular, by comparing the expression of 48 genes in a training set of 40 patients before (T0) and after (T1) thermal water nasal inhalations we could demonstrate that *CXCR4*, *FLT1* and *SOD2* were modulated in nasal epithelial cell by the treatment. In particular, *CXCR4* showed a consistent increase in patients suffering from chronic rhinitis, pharyngitis or sinusitis and, in fact, the same trend was maintained when analyzing *CXCR4* gene expression in the validation set represented by all 143 patients. This is an innovative finding, since no study has shown CXCR4 involvement during thermal water inhalation so far.

Due to the lack of previous studies, we can only speculate that thermal water chemical composition may contain elements that can activate CXCR4 transcription and translation, either directly or indirectly. Another possible explanation could be that thermal water exposure activates epigenetic changes in airway cells that, in turn, increase CXCR4 gene translation and protein expression.

However, independently from how thermal water causes CXCR4 expression it is also important to consider the effects of such an increase. In fact, CXCR4 is a well known membrane receptor whose ligand is represented by the cytokine called stromal derived factor 1 (SDF-1). CXCR4 is involved in recruiting stem cells into injured organs and, once activated, it transduces the molecular signal by activating multiple pathways to control cell migration, proliferation, survival, differentiation \[[@CR24]\]. SDF-1/CXCR4 axis activation stimulates tissue repair after myocardial infarction \[[@CR28]\] as well as in wound healing \[[@CR29]\]. Therefore, it could be hypothesized that, in our system, increased expression of CXCR4 would activate repair of damaged mucosa as well as anti-inflammatory action of innate immune cells. In fact those cells can express high levels of CXCR4 and use it as chemotactic receptor to move towards the inflammatory site. Interestingly, it has been shown that CXCR4/SDF-1 axis is important for regulating migration, barrier maturation and integrity reconstitution of intestinal epithelial cells as well as activation of the innate host defense \[[@CR37]\].

Impaired expression of CXCR4 in relation to ageing has been described in adipose-derived mesenchymal stem cells \[[@CR38]\], in CD4(+) T cells \[[@CR39]\], in cardiac tissue macrophages \[[@CR40]\] and in mouse bone marrow mesenchymal stromal stem cells \[[@CR41]\]. Such a decreased expression resulted in altered migration \[[@CR38]--[@CR40]\] and differentiation \[[@CR40], [@CR41]\], highlighting the importance of stimulating its expression, as we observed in elderly patients after inhalation treatment. Finally, CXCR4 increase was smaller in current smokers compared to the non smokers, suggesting an interference of smoking habit in the repairing pathway activated by CXCR4.

The present study evaluated the effect of thermal water nasal inhalations on different upper respiratory diseases in a large study group, with a comprehensive approach. Results show a remarkable and persistent clinical improvement of conditions and symptoms associated to the diseases evaluated. The key issue of establishing an objective evaluation of the therapeutical effects was addressed measuring resistance during normal inspiration and expiration through the nose with anterior rhinomanometry. Results from this assay were puzzling, suggesting that wellknown technical difficulties may have generated misclassification. As a matter of fact rhinomanometry is progressively dismissed by most otolaryngologists. Much more informative and technically robust was the evidence from gene and protein expression profiling of a set of candidate genes associated with inflammation. The use of a two steps procedure, based on a training set and a validation set, the large number of subjects evaluated, the evaluation of both gene and protein expression in the target tissue gives a solid support to the validity of results concerning the modulation of CXCR4 in patients treated with thermal water nasal inhalations.

Conclusions {#Sec16}
===========

These results confirm the clinical impact of thermal treatment on diseases of the upper respiratory tract, irrespective of the patients' age. Older patients may benefit greatly of this approach, as it may help to control symptoms and diminish drug use. In addition, our results offer a new player in the mechanisms regulating the interaction between thermal treatments and inflammation. New studies should be planned to further explore and validate the role of CXCR4 as a possible therapeutic target or a predictor of response in patients of all ages with chronic rhinitis, pharyngitis or sinusitis undergoing thermal water nasal inhalations.
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